had urinarv flow rates of 15 ml/s or more despite our aiming at excluding them: the outcome in this group was satisfactory, in agreement with previous studies.252 On the other hand, Jensen et al recently reported that urinary flow rates above 15 ml/s were associated with a poor outcome (5/17) compared with the remainder (10/1 17),I2 but the numbers were small and most men with high flow rates did well.
Independent effects of weight change and attained body weight on prevalence of arterial hypertension in obese and non-obese men Stig,onne-Holm, Thorkild Abstract (Objective-To assess the relations among prevalence of arterial hypertension, history of weight change, and current body weight in the range from normal weight to severe obesity.
Design-Retrospective analysis of medical records of men registered with Danish military authorities from 1943 to 1977 and followed up four to 40 years later.
Setting-Draft board of Copenhagen and surrounding counties and the rest of Sjaelland and surrounding islands.
Subjects-964 Men who were severely obese (body mass index ¢31 kg/m2 at the first examination) and 1134 random controls.
Main outcome measures-Blood pressure and weight.
Results-Hypertension was more prevalent in subjects with an unchanged body mass index as that index increased over the range studied. At any body mass index hypertension was more prevalent in subjects who had increased to this index and less common in those who had decreased to it than in those who had stayed the same weight since the first examination. Hypertension among controls was
Introduction
Several prospective clinical studies have shown a correlation between change in weight and blood pressure in severely obese patients treated with diet or a bariatric operation.`This effect is so pronounced that a reducing diet is considered a rational treatment of moderate hypertension in obese subjects. 4 The mechanism of the close relation between body weight and blood pressure is not fully clarified.6 One major unsolved question is whether the blood pressure after changes in body weight corresponds to the predicted blood pressure for the attained body weight. If it does the body composition as such rather than the effects of the changes in body weight is essential to the blood pressure. This is particularly important in the understanding of the association between obesity and hvpertension.
BMJ VOLUME 299 23 SEPTEMBER 1989 We investigated the relations among current blood pressure, current body mass index, and body mass index assessed four to 40 years earlier of men who at the first examination had been either severely obese or representative of the underlying population. The response rate was related to the body mass index within the different weight groups as well as to several psychosocial and demographic factors, as described elsewhere." To evaluate a possible selection bias we examined the relations between the psychosocial and demographic factors and the prevalence of hypertension.
STATISTICAL METHODS
The statistical analyses were carried out with x2 test, Goodman-Kruskal's gamma test (for evaluating trends in two or three dimensional contingency tables), Spearman's rank correlation coefficient, and logistic regression models (for multivariate assessment of determinants of prevalence of hypertension).
Results
Among the obese subjects and controls body mass index at follow up and systolic and diastolic blood pressure were positively correlated (for obese subjects r=0 32 for systolic blood pressure and 0 34 for diastolic blood pressure and for controls r=0 31 and 0 35 respectively, all p<0-001) (fig 1) . The 
To estimate the impact of previous changes in weight on current blood pressure the subjects were divided into four weight groups according to their body mass index at both the first examination and follow up, making a total of 16 classes (table II and fig 2) . Five of the weight classes contained fewer than 10 subjects and are therefore not depicted. The diagonal values-representing those who remained in the same weight class -show rising blood pressure and prevalence of hypertension with increasing body mass index. Within each class of body mass index at the first examination the subjects with the highest body mass index at follow up showed the highest blood pressure and the highest prevalence of hypertension, and those who had lost weight had the lowest blood pressure and prevalence of hypertension. Within each class of body mass index at follow up subjects who had gained weight showed the highest prevalence of hypertension and those who had lost weight the lowest prevalence (fig 2) . The highest prevalence (61%) was observed among those whose body mass index had been 21-30 kg/mi and whose current body mass index was above 33 kg/min.
The relative risk (odds ratio) of hypertension was estimated with logistic regression models on the basis of current body mass index, changes in body mass index, and age for the obese subjects and controls separately (table III) . In both obese subjects and controls the model indicated that at any current body mass index the change in body mass index had an independent effect on the risk of hypertension of the same magnitude on a unit (kg/M2) basis as the current body mass index itself. Thus in the obese subjects the odds ratio for a difference of 1 0 kg/M2 at follow up was 1 08 (95% confidence interval 1 01 to 1 15) and for a change of 1 0 kg/m2 it was 1 07 (1 06 to 1-08). In the controls the corresponding odds ratio for current body mass index was 1-13 (1-05 to 122) and for change in body mass index 1 15 (104 to 1 27). There were no significant relations among intelligence test score, education, social state, and prevalence of hypertension (Goodman-Kruskal and X2 tests, all p>0 2).
Discussion
The main result obtained in our study was that for any given current body mass index subjects who had previously lost weight had a lower prevalence of hypertension than subjects who had remained at that weight. Subjects who had previously gained weight had a higher risk of hypertension than subjects who had stayed the same weight.
Both systolic and diastolic blood pressures of those obese subjects who had lost weight-those with a body mass index <31 kg/M2 at follow up-were lower than those in controls with the same current body mass index. The results obtained for the controls were concordant with those obtained in cross sectional studies. It is therefore impossible to evaluate the effect of weight loss on blood pressure in severely obese subjects by extrapolation from the results in the controls. The effect of weight loss on blood pressure thus seems to be greater than expected from the relation between body weight and blood pressure in cross sectional studies. Similar considerations apply to weight gain.
In our study the rate of response among the controls (75%) was similar to that in other population studies.'5 Among the obese subjects the response rate was lower.
(58%), which was partly attributable to various psychosocial and demographic factors'5 that among the responders was unrelated to the subjects' blood pressure. Furthermore, morbidity among responders and non-responders among the obese subjects and the controls, as evaluated on the basis of admissions to hospital, showed no significant differences.t5 Another possible selection bias was that obese subjects with hypertension may have died before follow up. Increased mortality among severely obese people7 probably could not have produced a bias because of the small number of deaths. It seems reasonable therefore to disregard early death among obese subjects as an important selection bias.
The relation between obesity and hypertension has been questioned by some investigators, who claim that the circumference of the upper arm may influence the blood pressure measured by a cuff, the measurements tending to be higher than intra-arterial pressure BMJ VOLUME 299measurements. 6-9 The relation between relative weight and intra-arterial blood pressure, however, as well as clinical manifestations of hypertension show that the correlation is not an artefact.202' On the other hand, the strength of the relation may be exaggerated by the measurement bias.
The results in our controls cannot be compared directly with those of previous prospective population studies. In the Evans County study, comprising subjects under the age of 30 followed up for seven years, Johnson et al found that body mass index at both the first and second examinations was closely related to the blood pressure at the second examination.'2 In a multiple regression analysis including such risk factors as age, cholesterol concentration, blood pressure, and body mass index at the first examination they found body mass index to be the second most important factor, but neither the body mass index at the second examination nor the change in body mass index was taken into account.
Abraham et al studied the importance of childhood relative weight and adult relative weight in relation to the prevalence of hypertensive vascular disease and cardiovascular renal disease in a population of men. 29 The highest risk for disease was found in men who became overweight as adults. The higher prevalence of these diseases among overweight adults was largely attributable to adults who had changed from below average weight in childhood to being overweight as adults. Moderately or extremely overweight adults who had been similarly classified in childhood did not seem to be at greater risk than adults of average weight who had been of average weight as children. Our study shows that the effects of weight change in adult life on the prevalence of hypertension are similar to the effect of weight changes from childhood to adulthood on cardiovascular diseases later in life.
In the Evans County study Heyden et al found excessive weight gain and being overweight after the age of 20 to be definite risk factors for cerebrovascular disease. 24 The 2530 subjects were asked about their weight at the age of 20 and their subsequent maximum weight gain. At the examination neither the systolic nor the diastolic blood pressure showed a significant correlation to the weight at 20. There was, however, a significant correlation between weight gain and systolic and diastolic blood pressure. These results are consistent with the results from our control group.
Several hypotheses have been put forward to explain the mechanism between hypertension and obesity. Irrespective of the mechanisms the relation between blood pressure and weight change at all levels of body mass index strongly suggests shared environmental causal factors. Possibly sodium intake in food or sodium retention (dependent on degree of insulinaemia), or both, influence the risk of hypertension. 6 If we assume that the weight changes are caused by corresponding changes in food consumption there are at least two possible mechanisms to be considered. Firstly, subjects of the same current body weight may differ in their preceding food consumption according to their preceding weight changes. Secondly, dietary changes may lead to changes in blood pressure earlier than changes in body weight. The findings suggest that obesity shares causal factors with arterial hypertension rather than leading to the disease.
In population studies hypertension has been singled out as one of the major risk factors for the development of cardiovascular diseases.2526 Some investigators, however, have found that hypertension constitutes less of a risk when associated with obesity.29-3' A recent investigation from the Honolulu heart study, however, found after 12 years of observation an adverse effect of hypertension independent of body mass index. 32 Our results have therapeutic implications for severely obese people. Despite the hopelessness of attaining normal weight, it may be worth while encouraging them to even minor weight losses as the effect on blood pressure may be greater than expected from the attained body weight This study was supported by the Danish Heart Foundation, Danish Society of Actuaries, and Nordisk Gjenforsikringsselskab. The data analyses were carried out with the SCIBAS system developed by the department of data processing, Herlev University Hospital, Copenhagen. We thank the Ministry of the Interior and the psychological service of the Danish armed forces for permission to use the draft board files. Merete Appelyard, laboratory technician, was in charge of the day to day management of the Copenhagen city heart study.
